The floricultural sector is facing market developments that have forced a redesign of the European logistics network. Via workshops and interviews with key stakeholders the main developments and industry needs are identified. These are then summarised in three central themes that require further investigation, i.e. decision problems (e.g. network design and control), context factors (e.g. demand uncertainty and product perishability), and objectives (e.g. efficiency and product quality). Thereafter, 17 articles that review Supply Chain Management (SCM) research are analysed to obtain more insight into the state-of-the-art on these themes and to identify the main issues within the themes and their interrelationships. This resulted in a conceptual research framework in which particular attention is given to how decision problems could be modelled and solved in order to get quantitative insights into the impact of logistics network redesign. Successively, 71 SCM articles were analysed in depth to classify current SCM research and to determine research gaps and challenges. Results show that Floricultural SCM research challenges can be found in integrated, quality-driven and responsive network design and control using hybrid optimisation and simulation.
Introduction
The floricultural sector is of world-class quality, and the Netherlands serves as the main trading hub for Europe (Porter et al., 2011) . Due to the strong cluster of commerce and logistics in the floricultural sector, most products from (inter)national growers that are destined for Europe flow through the market places in the Netherlands. However, several market developments are fundamentally changing the basic principles for the European logistics system. The production of flowers and plants is shifting (e.g. more production coming from Africa and South America), customers are situated further away (e.g. expanding Eastern European market) and business processes and sales channels are becoming virtual (e.g. business-to-business and business-to-consumer web shops, virtual auction clock). The development of a global supply chain network and more importantly the emergent virtualisation of the supply chain network (Verdouw et al., 2012) lead to more direct flows bypassing the current Dutch physical logistics network. It creates necessities and opportunities for redesigning the European logistics network and its coordination and control. Renewed optimisation of the logistics network and analysis of the performance of redesigns in a quantitative way can thereby support stakeholders in their decision-making.
Research on floriculture is mostly conducted on biological and technological aspects like quality change modelling (Tromp et al., 2012; . Apart from the auctions (Van Heck, 2001) , floricultural Supply Chain Management (SCM), which concerns the management of flows of potted plants and cut flowers, is not discussed much (Shukla and Jharkharia, 2013a) . Potted plants and cut flowers can be defined as perishable products, i.e. product quality or value declines over time depending on environmental factors like temperature and humidity. Hence, floricultural SCM is part of perishable SCM (Blackburn and Scudder, 2009) and is closely related to food SCM (Bourlakis and Weightman, 2003) . These disciplines study the consequences of perishable product and food characteristics on the management of supply chains. They have received increasing attention due to food quality and food safety issues . Although there are some reviews on perishable SCM and food SCM (e.g. Ahumada and Villalobos, 2009; Amorim et al., 2011; Shukla and Jarkharia, 2013a) , to the best of the authors' knowledge, there is no comprehensive literature review on floricultural SCM and modelling.
The aim of this research is: (1) to define current developments in the floricultural sector and derive main themes that require further investigation for the industry to be able to cope with these developments; (2) to identify the state-of-the-art research on these themes; and (3) to identify research gaps and challenges for future research.
The remainder of this article is organised as follows. First, the research is explained. Then, a description is given of the floricultural sector, its logistics, developments and industrial needs. Next, the development of a floricultural SCM conceptual research framework is described. After that, a research classification is given from which research challenges are derived. The article ends with a conclusion.
Research design
This research aims to analyse research on SCM and modelling from the perspective of the floricultural sector. As literature on floricultural SCM is very limited, an explorative study is conducted, consisting of the following three steps (Table 1) .
Step 1. Sector analysis
To get an initial overview of developments in the floricultural sector, desk research is conducted on documents that describe developments in the sector. This first overview is refined in three rounds of semi-structured interviews and workshops with sector experts in the Netherlands. The first round is used to complement the overview of developments. The second round is used to broaden the view on the developments. The third round is used to verify the overview of developments and translate the developments into industrial needs. In each round the overview obtained up to that point is used as guidance in an open discussion. The participants in the various rounds are: [1] people engaged in logistics at each link in the floricultural supply chain, i.e. growers (6 Small and Medium-size Enterprises (SMEs)), two employees of Dutch auction company FloraHolland, traders (5 SMEs) and logistics service providers (2 SMEs); [2] people from round 1 and other growers (2 SMEs), traders (2 SMEs) and logistic service providers (2 SMEs), as well as 3 logisticians from sector organisations that oversee the complete supply chain ('The Association of Wholesale Trade in Horticultural Products' (VGB) and 'Product Board for Horticulture'); [3] three representative sector experts, i.e. assistant director of a logistics service provider, head of the VGB project department and manager supply chain development of FloraHolland. From identified characteristics, developments and needs the most prevalent SCM issues are deducted and summarised in three central themes, i.e. decision problems, context factors and objectives, which require further investigation.
Step 2. Framework development
To develop a conceptual research framework, an analysis is conducted of recent review articles that discuss the SCM issues formulated in step 1. To demarcate the analysis, using the known literature gap with regard to SCM and modelling , a focus on review articles with a quantitative modelling perspective is chosen. A search for SCM research in Scopus and Web of Science, using terms ['review' or 'overview'] , and ['supply chain management'], and ['quantitative' or 'operations research' or 'mathematical' or 'analytical' or 'optimisation'] , results in a collection of 724 articles. To create a broad view, floricultural-related keywords like 'fresh produce' or 'perishable' are not used. Articles older than two years with fewer than 20 citations are discarded, resulting in a collection of 117 articles. To avoid going into detail, only review articles are selected in this step. Based on a title and abstract analysis, review articles that address the formulated SCM issues are selected. This results in a final collection of 17 review articles, of which ten are general SCM reviews, five are food SCM reviews and two specifically address virtualising supply chains. An analysis of these 17 articles leads to an overview of SCM concepts and relations which is then used to construct a conceptual research framework for floricultural SCM.
Step 3. Research gap analysis
The collection of review articles in step 2 creates a summary of prior research. A forward citation search for the reviews is performed to obtain a representative outline of current supply chain (SC) modelling research (Webster and Watson, 2002) . This resulted in a collection of 353 articles. The framework from step 2 is then used to classify current SC modelling research. Based on a title and abstract analysis, articles that use a quantitative modelling approach are selected and subsequently articles that address a decision problem with context factors that can be found in the conceptual research framework are selected. This results in a collection of 71 articles published from 2005 onwards. A classification and analysis of these articles is then conducted to identify important research topics and gaps. Research challenges are defined and discussed in view of the sector developments and needs identified in step 1.
Sector analysis
Based on desk research and interviews and workshops with experts, the current system and developments in the floricultural sector are described. Furthermore, key characteristics of floricultural supply chains and the issues that need to be studied from an industrial perspective are presented.
Sector characteristics
As Porter et al. (2011) mentions, the Netherlands is the heart of the international floricultural sector and is involved in every step in the process of growing and distributing floricultural products, from breeders to sales outlets. The supply chain network consists of growers, auctions, traders, logistics service providers and market places (Figure 1 Table 2 . The sourcing areas, for example, are much more global for cut flowers than for potted plants. The product types also have different levels of perishability, which determine the transport mode and storage conditions. Some examples for market characteristics are given in Table 3 . There are a large number of specialised flower shops that carry a large variety of products as opposed to the small number of home improvement centres that offer a limited variety. Supermarkets order large amounts of only a few products well in advance, while street markets want to order small amounts of products immediately for selling on the same day.
A characteristic aspect of the floricultural sector is high supply uncertainty related to product quantity as well as to product quality, origin and timing. It arises from the difficulty in predicting product quality, due to the influence et al., 2010) .
Examining the above description, (dis)similarities can be found between the floricultural supply chain and other perishable product supply chains, such as vegetables and fresh food supply chains. Essential characteristics, like perishability and supply and demand uncertainty, are similar. Differences can be found in the market shares of sales channels, the many flower and plant varieties and the large number of SMEs. Detail shops are the main sales channel in the floricultural sector, whereas retail shops are the main sales channel in the food sector. Together with the large product variety, this means that the auction in the floricultural sector is highly influential, leading to a more supply-driven chain compared to the food sector. Due to the large number of companies, cooperation and collaboration plays a prominent role in the floricultural sector.
The characteristics of the floricultural sector can be summarised as: (1) high demand and supply uncertainty in product quantity as well as product quality, origin and timing; (2) different types and levels of perishability; and (3) product and market differentiation, meaning that different products and markets have different supply chains with different logistics requirements.
Sector developments
In the second part of the sector analysis, developments and industrial needs for the floricultural sector are determined ( Figure 2 Sector developments -Development of virtual auction and web shops -More differentiated market segments, growing market share retail -More global sourcing and distribution -Narrower product assortment, commodities determine logistics -Fragmentation of processes and chain links -Increasing possibilities to preserve high product quality over a longer period of time -Increasing application of tracking and tracing systems -Upcoming detection and registration of environmental conditions -Shift in used transport modalities Logistics and information developments -Increasing global flows, in volume and location diversity -More frequent and smaller distribution flows -Increasing and more differentiated logistical requirements, e.g. with respect to responsiveness, product quality, sustainability -Increasing complexity of logistical chains, e.g. combining global and local flows, coordinating a variety of chain links and/or processes -Increasing partition of total supply chain network into logistics sub-networks -Increasing possibilities to store and communicate information throughout the chain, e.g. logistical information, product quality information -Increasing complexity of transport networks Industrial needs -Vertical and horizontal collaboration -Redesigning transport network, designing sychromodal network -Consolidation and integration of logistics networks -Evaluating and reconfiguring logistics network -Complete service providers that provide flexibility, responsiveness, market differentation and service diversification -Use of real-time information (logistical, product quality) to support logistical decision making are discussed, the industrial needs are discussed in the next section and subsequently the key SCM themes are summarised.
The floricultural sector is organised as a dynamic supply chain network in which the roles of supply chain actors are changing. On the one hand, due to specialisation, processes and links in the chain become more fragmented and supply chain stages become more dependent on each other to supply the complete assortment to the market. On the other hand, due to scaling of growers and traders, the auction company as a central institution that brings together supply and demand becomes less important. Growers and traders are competing for value-added services, which is also apparent in the forward integration of growers and backward integration of traders. Logistics service providers in particular will develop to offer a full service with increased flexibility and responsiveness. This enables them to cope with differentiated demand for logistical services from different market segments.
Also due to specialisation and scaling, the product assortment shrinks and a clear split in commodities and specialties emerges. Commodities, which have a relatively low price, low supply and demand uncertainty and long lead times compared to specialties, are leading in the configuration of the logistics network due to its large volumes.
Stimulated by containerisation together with improved conditioning technologies and new transport modalities, the use of refrigerated containers (reefers) within the floricultural supply chain is gradually increasing. These containers make it possible to control the environment during transport and handling, and even to hold inventory. It increases the possibilities to preserve high product quality over longer periods of time. In particular, import flows and rail and sea transport are starting to deploy these reefers, which creates an increase in feasible transport distance and/or time. This in turn changes the sourcing areas as well as the throughput centres in the floricultural sector. Whereas Western Europe used to be the main source for European demand, the production of cut flowers is (partly) shifting to equatorial regions due to better weather conditions, and the production of plants is rising in Eastern Europe due to low costs.
Visibility throughout the floricultural supply chain has increased due to digitisation and automation. RFID tags are attached to loading units, and tracking & tracing (T&T) systems at actor level are initiated. The T&T system at actor level should subsequently evolve to a chain-wide T&T system. In addition, time temperature indicators or other condition monitoring systems can be attached to loading units, e.g. to reefers. This all contributes to the ability to store and communicate real-time information along the supply chain and the ability to predict product quality at any point in the supply chain.
Information systems enable information sharing which is mostly driven by commercial interests in the floricultural sector. This leads to dedicated logistics sub-networks within the total supply chain network for different commercial chains. Information systems also enable the emergence of virtualisation within the traditional floricultural supply chain network. Supply chain actors reach their customers via information systems instead of or alongside physical systems (Verdouw et al., 2012) . The use of business-tobusiness market information systems in the flowers and plants industry has expanded enormously in the last few years. The most important developments are the digitisation of the auctioning process and the emergence of on-line trade platforms. Also a number of business-to-consumer (B2C) web shops have emerged in the floricultural sector, mainly for flowers. Communication with consumers via smartphone apps is in its infancy. Overall, B2C internet trade is still minor in comparison with traditional market channels like flower shops and supermarkets, because most consumers still want to see flowers and plants before buying.
Due to virtualisation, globalisation and improving conditioning technologies, the market reach is increasing. Eastern European countries, where wealth and consequently demand for luxury products like cut flowers is growing, are becoming a more significant market segment. Due to urbanisation and individualisation, buying patterns are changing. Consumers are increasingly buying an experience rather than a product, and they are looking for convenience and added value. As a result, consumers are shifting from specialised flower shops (detail) to one-stop-shopping in supermarkets (retail) and one-click-away web shops (e-tail). This shift on the one hand increases the infrequent large volume flows, and on the other hand the frequent small volume flows.
At the moment, the floricultural sector is driven mainly by efficiency. This means that it is focused on adding value while decreasing logistics costs. For example, a large sector project was initiated in 2011 to decrease transportation costs between the different market places by reorganising logistics collaboration (Van Veen and Van der Vorst, 2011) . Due to scaling of growers, logistics service providers and traders, efficiency-driven developments are even more important. Part of adding value is delivering the right quality at the right time (i.e. being on time is more important than speed). Although there are some initiatives to improve sustainability, e.g. a project called GreenRail started in 2008 to shift transport from road to rail, sustainability is not explicitly valued in floriculture. The sector does expect, however, that customers will increasingly ask for it.
Industrial needs
The above-mentioned developments increase the complexity of the supply chain network. They lead to industrial needs to cope with this complexity, which are described next (Figure 2) .
The supply chain network should be able to coordinate a large variety of chain links, nodes and processes, to control both global and local flows, to meet differentiated market requirements, to trade off different objectives, etc. The current logistics network might no longer be appropriate as it was configured on the basis of rather straightforward chains with a clear objective and limited requirements. It should be evaluated with respect to the new logistics requirements and reconfigured where it is not performing well enough. This reconfiguration could concern, for example, decisions on the level of customer-specificity of logistics flows at different nodes, or incrementally bundling assortments at different nodes. Along with a reconfiguration of the logistics network, a reconfiguration of service providers is needed so that they fit the logistics network. They should be flexible and responsive, and they should support market differentiation and service diversification. The situation for the transport network is also changing. As new modalities are introduced, the possibilities are increasing for synchromodal transport, i.e. dynamically switching between transport modalities at any point in the network. These possibilities could also impose new restrictions on the transport network, e.g. only a limited number of harbours are able to serve the largest ships. Within the logistics and transport network a lot of information is or could be made available about product flows, e.g. location, time, product quality, etc. If this information is not only available at discrete time points but in real time, decisions can be made as early as possible and preventive rather than reactive actions can be taken. Overall, because developments affect the whole sector and not just one actor in the sector, vertical as well as horizontal collaboration is needed to be able to cope with those developments. This also counters the disintegration of the supply chain network into closed logistics sub-networks, and can cause a gradual shift from optimising these subnetworks to optimising the total supply chain network.
Key supply chain management themes
The most prevalent SCM issues are deducted and divided in themes. The industrial needs define the decision problems the floricultural sector faces, which are divided into strategic network design problems (e.g. redesigning transport network, reconfiguring logistics network) and more tactical network control problems (e.g. use of realtime information to support logistical decision making). The sector characteristics define the context factors that put specific requirements on the logistics network: supply and demand uncertainty, perishability, product and market differentiation. Finally, the logistics developments define the objectives: efficiency, responsiveness and product quality. The themes and issues are used in the next section to analyse SCM literature reviews and define the research framework.
Framework development based on supply chain management themes found in literature
The SCM themes are used to search for literature reviews that discuss one or more of the SCM issues, which resulted in a collection of 17 review articles (Appendix A). The analysis of the reviews is then focussed on discussions about (aspects of) decision problems, whether and how context factors influence the types of decision problems, how the types of decision problems influence objectives, and how the decision problems can be modelled and solved. This is finally used to develop a conceptual research framework.
Network design. The floricultural sector is shifting from a traditional supply chain to a virtual supply chain, which makes supply chain network reconfiguration or redesign an important issue (Ho et al., 2003) . In network (re)design, facility location decisions play a critical role (Melo et al., 2009) . Anderson and Lee (2000) show how a traditional supply chain can change into a virtual supply chain. The first step is to integrate processes of the existing supply chain, which induces renewed decisions on process allocations (i.e. where to execute which activity) and inventory allocations (i.e. determining the location of stocking points). To avoid sub-optimality, these decisions should be regarded in an integrated perspective with facility location decisions (Melo et al. 2009 ). The second step is to improve collaboration and control with suppliers and customers; this ensures that product customisation can be performed in a shorter time period. The last step is to synchronise the supply chain across players into one virtual enterprise; this ensures that mass customisation can be performed in a tailor-made way. The steps can cause a shift in the Customer Order Decoupling Point (CODP), 'the point in the product value chain that divides the material flow that is forecast-driven (upstream the CODP) from the flow that is customerorder-driven (downstream the CODP)' (Olhager, 2010) . This CODP shift adds to the complexity of SCM decisions (Klibi et al., 2010) .
Network control. In the case of fresh produce, models for operational decision problems are very important because of the impact of the limited shelf life on logistics decisions (Ahumada and Villalobos, 2009 ) and in turn on post-harvest waste (Shukla and Jharkharia, 2013a) . The temperature and duration of logistical processes like transport and storage affect the quality of fresh produce. Continuously tracing the product's quality throughout the network broadens the opportunities to incorporate the freshness of products in network control decisions (Amorim et al., 2011) . This, among other things, is reflected in decisions about production planning, distribution planning and inventory management together with product quality decay. Handling multiple products with different shelf lives and supply and demand patterns is a particular challenge .
Integrated network design and control. Network design and control can be viewed as separate decision problems, but there are also interactions, for example, location-inventory problems. On the one hand, network design can define boundaries for network control (Melo et al., 2009) . On the other hand, network control should be anticipated on an aggregate level in network design . Although integrated design and control leads to much more complex models due to large problem sizes, it is required to achieve full optimality (Melo et al., 2009 ).
Context factors. Just like food supply chain networks (SCNs), floricultural SCNs have specific characteristics that influence the network design and control, such as high demand and supply uncertainty in product quantity as well as product quality (Ahumada and Villalobos, 2009) . Uncertainties, and especially demand uncertainty, are a major factor that can influence the effectiveness of design and control of supply chains, and considerably affect supply chain performance (Peidro et al., 2008; Sarimveis et al., 2008) . Product characteristics, like perishability, limited shelf life and interaction effects between products, and market characteristics, like high customer expectations and low profit margins, add to the challenge of food SCM Shukla and Jharkharia, 2013a) . The different characteristics also result in issues around product and market differentiation.
Objectives. The logistical objectives in food SCNs differ from objectives in general SCNs (Amorim et al., 2011) . In particular, product quality should be added to the more general trade-off between responsiveness (i.e. being able to deliver and adjust according to customer requirements) and efficiency .
Modelling techniques. Looking at the modelling techniques discussed in the reviews, a distinction can be made between optimisation, simulation and hybrid modelling techniques. Optimisation techniques are used for all types of decision problems (Choi and Sethi, 2010; Melo et al., 2009; , though they are most frequently used for network design problems (Kouvelis et al., 2006; Meixell and Gargeya, 2005) . Simulation techniques are most frequently used for network control problems Villalobos, 2009, Akkerman et al., 2010) . A number of reviews (Chan and Chan, 2009; Ko et al., 2010; Peidro et al., 2008; Zhang et al., 2011) suggest looking into hybrid modelling techniques, e.g. integrating petri nets with other tools, integrating soft computing with more practical algorithms, combining analytical modelling with simulation, etc.
Conceptual research framework
Based on the SCM concepts and relations from the SCM review analysis, a conceptual research framework for floricultural SCN design and control is developed (Figure 3 ). The conceptual framework incorporates the sector-specific context factors that make the decision problems more complex, as well as the multi-dimensional objectives. It furthermore incorporates quantitative modelling techniques that can be used for solving the decision problems. The framework is used in the next section to build a more detailed view of current SCM research.
Research gap analysis using literature on supply chain modelling
The conceptual research framework is used to extract SCM articles that address the decision problems and context factors using a quantitative modelling technique, from a collection of research articles that refer to the literature reviews on which the framework is based. In this way, a representative collection of 71 SCM research articles is constructed for analysis. First, the articles are classified based on the SCM issues they address, i.e. the decision problem that is modelled in the article, e.g. network design (D) or network control (C); the context factors that are incorporated, e.g. perishability (R) or market differentiation (M); the objective of the model, e.g. efficiency (E) or product quality (Q); and the technique that is used, e.g. optimisation (O) or simulation (S). To provide more information on which problems are considered to be network design and which problems are considered to be network control, the categories of decision problems are further split into subcategories like facility location (F) or network flow (N) for network design; production planning (P) or distribution planning (D) for network control; or facility location and distribution planning (FD) for integrated network design and control. The result of the classification is given in Table  4 . Then, the composition of articles is analysed with respect to problem types on the one hand ( Figure 4A and 4B) and context factors, objectives and modelling techniques on the other hand ( Figure 4C ). This will be discussed next. The analysis is finally summarised in Table 4 which can then be used to identify research challenges.
The main context factor that is taken into account in the current literature is demand uncertainty. Demand uncertainty is caused by market dynamics, which is related more to market risks in network design (Weiler et al., 2011) and more to price variations in network control (Ahumada and Villalobos, 2011b; Amaro and Barbosa-Póvoa, 2009 ). It is mostly modelled as a (partly) random variable, e.g. normal, Poisson or uniform distributed. However, typical for network design is a scenario approach (Chen and Fan, 2012; Nickel et al., 2012; Walther et al., 2012) in which different levels of demand or demand variability are analysed in separate scenarios.
At different levels of decision problems, market differentiation is related to different aspects. At the level of network design, it is related to service aspects, e.g. different stock-out rates for different market or customer types Selim and Ozkarahan, 2008) . At the level of network control, it is more related to time aspects, e.g. different required lead or delivery times for different market or customer types (Ahumada and Villalobos, 2011a) . At the level of integrated network design and control, it is related to time aspects (Ding et al., 2009; Gebennini et al., 2009; Pishvaee and Torabi, 2010) , but also to demandrelated aspects, e.g. Gebennini et al. (2009) Perishability, the most characteristic context factor for food SCNs, is only incorporated in network control problems, likely due to the dynamic nature of perishability. Perishability is modelled directly or indirectly as fixed shelf life (Ahumada and Villalobos, 2011a; Amorim et al., 2012) , linear or exponential decay (Bottani et al., 2009; Lodree and Uzochukwu, 2008; Shukla and Jharkharia, 2013b; Wee et al., 2011) , or decay based on biological models (Ahumada and Villalobos, 2011b; Amorim et al., 2012; Pathumnakul et al., 2009) . A very different approach is taken by East (2011) , in which samples of batches are separated and tested in order to predict the state of the complete batch.
Supply uncertainty is incorporated in food SCN problems and closed loop Supply Chain Network problems, where it is associated with quantity and quality of recoverable or reusable items. Despite the stochastic nature, supply uncertainty is incorporated more in network design problems than network control problems. At the level of network design, research is mostly on closed loop SCNs, where uncertain quantity is modelled as a random variable (Fonseca et al., 2009; Pishvaee et al., 2009; , and uncertain quality is modelled as an uncertain parameter (Pishvaee et al., 2009 Chen and Fan, 2012; Walther et al., 2012) . At the level of network control, research is only on food SCNs, where supply uncertainty is based on production planning models (Tan and Çömden, 2012) , incorporating biological models (Ahumada and Villalobos, 2011b) or incorporating environmental and farmer skill influences (Pathumnakul et al., 2009) . At the level of integrated network design and control, research is only on closed loop SCNs, where uncertain quantity is modelled as a random variable (Pishvaee and Torabi, 2010 Decision problem: C = network control; D = network design; I = integrated network design and control. 2 Sub category: F = facility location; FR = facility location and resource allocation; FP = facility location and process allocation; FT = facility location and transport mode selection; FI = facility location and inventory allocation; N = network flow; PD = production-distribution planning; P = production planning; D = Distribution planning; I = Inventory management; S = Supply chain performance; FPD = facility location and production-distribution planning; FD = facility location and distribution planning. 3 Context factors: P = product differentiation; M = market differentiation; S = supply uncertainty; D = demand uncertainty; R = perishability. 4 Objectives: E = efficiency; R = responsiveness; Q = product quality. 5 Modelling techniques: O = optimization; S = simulation; H = hybrid optimization and simulation. related to service and time aspects, e.g. different service levels or lead times for different products or product types (Laínez et al., 2009; Monteiro et al., 2010) . At the level of network design, it is also related to product mix flexibility (Das, 2011a) and product or component standardisation (Baud-Lavigne et al., 2012) . At the level of network control, it is related to perishability, resulting in a differentiation in probabilities of accepting a product based on quality (Ahumada and Villalobos, 2011b) .
On the whole, most research is concerned with network design (facility location in combination with flow, capacity, process or inventory allocation, transport mode or supplier selection), closely followed by network control (production planning, distribution planning, inventory management and evaluation of supply chains). When dynamic or stochastic context factors, especially demand uncertainty and market differentiation, are incorporated, integrated design and control (all kinds of integrations of aforementioned network design and control problems) seems to be a more appropriate method.
The main objective used in literature is efficiency. Most research is based on costs, or a derivative like profits or margins. Costs that are included are, for example, fixed location costs, capacity costs, production costs, processing costs, holding costs, replenishment costs, shortage costs and transportation costs. Particularly at the network design level, more distinctive cost structures, e.g. taking into account obnoxious effects (Fonseca et al., 2009) or fixed alliance costs (Pan and Nagi, 2010) , and more distinctive profit structures, e.g. incorporating exchange rates and quality system costs (Das, 2011b) or (global) taxes (Junqueira and Morabito, 2012) , are found. At the network control level more detailed cost and profit structures are found, e.g. adapting profits to price variability (Amaro and BarbosaPóvoa 2009), using life cycle costing (Wee et al., 2011) and adding food SCN specific costs like harvesting set-up costs (Pathumnakul et al., 2009 ) and spoilage and energy costs (Amorim et al., 2012) . To take into account time aspects at a high level, some network design (Walther et al., 2012) and integrated network design and control problems (Bashiri et al., 2012; Georgiadis et al., 2011; Laínez et al., 2009 ) look at net present or expected profit values over time. Next to costbased indicators, other efficiency measures are also used, e.g. utilisation (Amini et al., 2007; Chen and Fan, 2012) , production efficiency and recall sizes (Saltini and Akkerman 2012) , and utility functions (Hafezalkotob et al., 2011) .
Responsiveness has two facets: fulfilment and time. Fulfilment has to do with the proportion of demand that can be fulfilled and the number of backorders or shortages. This can be found at the network design level and the network control level (Ivanov et al., 2010; Peidro et al., 2012) . Time has to do with the time or distance between certain locations and with the comparison between expected and realised delivery times. The first facet of time can be found at the network design level (Huang et al., 2009; Selim and Ozkarahan, 2008) , while the second facet of time can be found at the network control level (Hall and Saygin, 2012) and integrated network design and control level (Pishvaee and Torabi, 2010) . At the integrated network design and control level, fulfilment and time are also combined (Ding et al., 2009 ).
In food SCNs product quality is an issue, which comes back only at the network control level. Ahumada and Villalobos (2011b) incorporate penalty costs for rejected and discounted shipments, Ahumada and Villalobos (2011a) and Shukla and Jharkharia (2013b) incorporate costs for decay or loss due to transportation, and Amorim et al. (2012) focus on remaining shelf life. Van der Vorst et al. (2009) determine product quality at given points in the supply chain. East (2011) derives cumulative distributions of unacceptable product quality.
In conclusion, a responsiveness objective induces a switch from network control to integrated network design and control. Product quality is only used as an objective when perishability is incorporated, which is only done at the network control level.
The main modelling technique used in literature is optimisation. Most problems are optimised using a (non-) linear programming formulation. In some cases optimal solutions can be found using a solver, in other cases best solutions are found using a heuristic. For network design problems tabu search (Melo et al., 2012) , also in combination with network flows (Shimizu et al., 2011) , and linear relaxation (Thanh et al., 2012) are used. For network control problems genetic algorithms (Fahimnia et al., 2012) , particle swarm approaches (Kadadevaramath et al., 2012) , artificial intelligence techniques (Shukla and Jharkharia, 2013b) and approximation algorithms like decompositions (Ahumada and Villalobos, 2011a) and variational inequalities (Nagurney, 2010) are used. When uncertainties have to be incorporated, the (non-)linear programming approaches are substituted by multi-stage stochastic programming approaches for network design problems (Chen and Fan, 2012; Fonseca et al., 2009; Nickel et al., 2012) , and opportunistic approaches for network control problems (Paksoy et al., 2010) , also in combination with fuzzy methods for integrated network design and control problems (Pishvaee and Torabi, 2010) . Uncertainties and dynamics are furthermore incorporated by taking a scenario approach at all decision problem levels. Altogether, the approaches are very diverse. Network design problems are solved using network and graph theoretic approaches (Chen, 2012; , robust optimisation (Pan and Nagi, 2010; and a label-correcting algorithm (Huang et al., 2009) . Shimizu et al. (2011) combine tabu search for location decisions, a graph theoretic approach for allocation decisions, and a scenario planning approach for uncertainties. Network control problems are solved using analytical approaches (Egri and Váncza, 2012; Lodree and Uzochukwu, 2008; Tan and Çömden, 2012; Wee et al., 2011) . Fuzzy methods are used for all types of problems (Jula and Leachman, 2011; Peidro et al., 2012; Scholz-Reiter et al., 2011; Selim and Ozkarahan, 2008) .
Simulation is only used in a few cases (Amini et al., 2007; Hall and Saygin, 2012; Saltini and Akkerman, 2012; Van der Vorst et al., 2009) , and then only at a network control level for supply chain evaluation. Simulation is especially suitable for incorporating complexities for which optimisation is intractable. However, complexities due to the given context factors are only incorporated in two of the cases, Hall and Saygin (2012) In two studies, optimisation and simulation are combined. Ding et al. (2009) take an integrated network design and control problem and use a genetic algorithm for optimisation in which objective values are determined by simulation. The addition of simulation makes it possible to incorporate complexities related to market differentiation (different expected lead times for different customers) and demand uncertainty and still get (near) optimal solutions. Ivanov et al. (2010) take a network control problem and use a linear programming model for static optimisation interconnected with a program control model for dynamic elements.
To summarise, the most frequently used modelling technique is some form of mathematical programming. Simulation only appears when tactical or operational decisions have to be addressed in network control or integrated network design and control problems. In a few cases optimisation and simulation are combined in a hybrid approach.
Research challenges
The literature research analysis is summarised in Table 5 . The studied SCM topics are presented, which at the same time reveals the research gaps, from which in turn Research Challenges (RCs) can be derived. With a reflection on the characteristics, developments and industrial needs of the floricultural sector, four key challenges on the level of design and control of logistics processes for floricultural SCM are defined.
[RC1] Incorporation of product perishability at a network design level
The literature analysis shows that perishability is not often dealt with on a network design level. Typically, next to biological variations, the quality of flowers and plants is determined by time and environmental conditions (such as temperature and humidity during transport). Customers demand guarantees on quality specifications, which leads to strict requirements on the logistics network concepts used in the sector and a need to incorporate product perishability in logistics decisions. Incorporation of perishability is mainly embedded at the network control level, and extending it to the network design level is a notable research direction. Specific issues that could be addressed include:
• Consequences, specifically for product quality, of different transport modes and facility and inventory locations in different parts of the supply chain network.
• Design of responsive supply chains, enabled by increased opportunities for keeping inventory.
• Similarities and differences in network designs for different products with different perishability characteristics.
[RC2] Addition of product quality to efficiency and responsiveness trade-off
The literature analysis shows that there is almost no research that combines efficiency, responsiveness and product quality. One of the main logistics challenges for the sector is to deal with strong dynamics and uncertainty in supply and demand, regarding fresh product quality as well as the available volume in time at a specific place. The sector is characterised by last-minute changes and rush-orders. As a consequence, the required prediction and planning concepts and accompanying logistics system need to be very flexible and responsive. At the same time, costs and efficiency are still the main drivers for the sector, and being able to deliver good product quality is one of the success factors. A multiobjective approach to decision problems, in which a tradeoff is made between efficiency, responsiveness and product quality, is an important research direction. Specific issues that could be addressed include:
• Consequences of different objectives for network design and network control. • How to exploit (and combine) differentiated logistics requirements of different market outlets on efficiency, responsiveness and product quality. • How to effectively diversify services using differentiated objectives and logistics requirements.
[RC3] Integrated network design and control
The literature analysis shows that demand uncertainty, market differentiation and responsiveness ask for integration of network design and control. The floricultural sector is subject to demand uncertainty, in product quantity as well as product quality, origin and timing. Furthermore, market differentiation is apparent in different logistics requirements from different sales channels (detail, e-tail and retail). Subsequently, there is a need for responsiveness in floricultural supply chains. It has been shown that these three aspects make integrating network design and control problems in the floricultural sector a promising research direction. Specific issues that could be addressed include: Mostly food SCN research with differentiation in product quality acceptance.
Differentiation in service levels and delivery/lead times.
Perishability RC1
Incorporating fixed shelf lifes, linear, exponential and biological decay.
RC1
Objectives Efficiency Most variation in more distinctive cost/profit structures, using expected or net present values.
Incorporating food SCN specific costs and price variability, using life cycle costing.
Using expected or net present values.
Responsiveness
As time aspect: measured in distance/time between locations.
As time aspect: measured in difference between expected and realized delivery/lead times.
As combination of fullfillment and time: measured in % demand fullfilled and difference between expected and realized delivery/lead times. RC3 Product quality RC2
Incorporating costs for quality loss, tracking quality during logistics processes.
RC2
Modelling techniques Optimization (Non-)Linear programming, stochastic programming, scenario approaches, network and graph theory.
Analytical, possibilistic approaches, scenario approaches. Genetic algorithm & supply chain evaluation by simulation.
• Redesign of a logistics network and simultaneous control of inventory and production processes like packaging, bouquet-making, etc.
• Design of a synchromodal transportation network and simultaneous control of transport routes.
• Consolidation and integration of logistics sub-networks.
• Quality Controlled Logistics ( i.e. advanced logistics decision-making taking real-time information on product quality behaviour into account, resulting in the delivery of the right product to the right outlet on time at the lowest cost.
[RC4] Hybrid optimisation and simulation
The literature analysis shows that optimisation and simulation are not often combined in a hybrid approach. Optimisation is mostly used for network design; simulation is mostly used for network control. Just as the integration of decision problems is a research challenge, so is the integration of the applied modelling techniques. Specific issues that could be addressed include:
• Using simulation of operational processes to calculate objective values or parameter values for a strategic optimisation model. • Using optimisation techniques to find optimal settings for (parts of) a simulation model, to control supply chain systems whilst dealing with supply and demand uncertainty, and perishability.
• Iteratively run optimisation and simulation models, using outputs of one model as inputs for the other model, to design fully optimal supply chain systems whilst dealing with product quality requirements.
Conclusions
The aim of this research was to create an overview of floricultural sector developments and SCM themes that require further investigation, to analyse current research that addresses those themes and to subsequently define floricultural SCM research challenges from a quantitative modelling perspective. It was found that the main SCM themes and subsequent SCM issues are (1) decision problems: network design and network control; (2) context factors: supply and demand uncertainty, perishability, product and market differentiation; and (3) objectives: efficiency, responsiveness and product quality. A conceptual framework was developed based on these SCM themes and quantitative modelling techniques, which supported identifying the research challenges. It was found that demand uncertainty, market differentiation and perishability are important context factors that serve as drivers for the research challenges. In addition, responsiveness and product quality are important objectives that underlie the research challenges. Furthermore, integration of decision problems as well as integration of modelling techniques is key in the research challenges.
From a management perspective it should be noted that, due to the increased possibilities of keeping inventory and the use of real-time information on product quality, a more responsive supply chain may be created. This means that the current reactive strategy can be turned into a pro-active strategy where managers are familiar with the differences between products and markets and the trade-offs in efficiency, responsiveness and product quality.
As the context factors and objectives are also key in more general perishable SCs, the research challenges will likely not be limited to the floricultural sector. Although this research started from a specific supply chain network, the Dutch floricultural sector can be considered representative for floricultural SCN. The Dutch floricultural sector could serve as a case study in a broader line of research to create a more general perishable SCM framework. Furthermore, this research used documentation both from practice and from science. A more focused research on either practice or scientific literature could add more directed challenges.
In conclusion, the conceptual research framework and literature classification together with the described developments and industrial needs in the floricultural sector show that floricultural SCN research challenges can be found in integrated, quality-driven and responsive network design and control using hybrid optimisation and simulation. Research on the floricultural supply chain network can contribute to perishable product supply chain management due to the comparable and discriminating characteristics of floriculture compared to other perishable products.
